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[57] ABSTRACT 
This invention relates to speci?cally designing and ge 
netically engineering recombinant baculovirus for pro 
ducing, in a compatible insect system, a desired protein, 
virus, protein hybrid, or virus hybrid. In particular 
aspects, this invention relates to the use of different 
baculovirus promoters for the ultimate purpose of con 
structing a recombinant baculovirus designed for the 
investigator’s speci?c need. For example, the recombi 
nant baculovirus of this invention can be designed to 
produce a viral pesticide. 
This invention also describes the construction of a ge 
netically engineered virus or virus hybrid (e.g. animal 
or human pathogen) which is not capable of replicating 
itself but is essentially identical to the authentic patho 
gen in terms of structure and antigenicity. This 
baculovirus is constructed such that the non-structural 
viral genes are truncated, mutated or both and are lo 
cated 3’ and directly under the control of an early 
baculovirus gene promoter and the structural viral 
genes are located 3' and directly under the control of a 
late baculovirus gene promoter. This genetically engi 
neered baculovirus is therefore capable of temporal 
regulation and successive synthesis of non-structural 
and structural proteins. The truncated or mutated non 
structural viral genes creates the non-replicative aspect 
of this invention. Since the genetically produced virus 
or virus hybrid is essentially identical to the authentic 
pathogen, the product is thereby highly antigenic and 
potent in terms of efficacy and efficiency. This inven 
tion enables the design and constructure of a virus parti 
cle or virus hybrid with speci?c antigenic properties 
which further allows for the safe and inexpensive pro 
duction of vaccines or diagnostics. 

13 Claims, 12 Drawing Sheets 
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BACULOVIRUS DUAL PROMOTER EXPRESSION 
VECTOR 

BACKGROUND OF THE INVENTION 

A. Field of the Invention 
This invention relates to speci?cally designing and 

genetically engineering recombinant baculovirus for 
producing, in a compatible insect system, a desired 
protein, virus, protein hybrid, or virus hybrid. In partic 
ular aspects, this invention relates to the use of different 
baculovirus promoters for the ultimate purpose of con 
structing a recombinant baculovirus designed for the 
investigator’s speci?c need. 

B. Description of the Related Art 
The capabilities of producing genetically engineered 

proteins, through the use of recombinant DNA technol 
ogies, have dramatically increased in the last decade. 
However, problems have accompanied these new capa 
bilities. One of the many problems involves construct~ 
ing and genetically engineering the desired protein prod 
uct. The operative words in the last sentence are “engi 
neering the desired protein product.” All too often, 
when it comes to creating a construct speci?cally de 
signed for the production of a desired protein or virus, 
comprises have to be made. It is not uncommon that 
many intervening and tedious steps are involved in the 
creation of a desired construct for the purpose of pro 
ducing a desired product. It is also not uncommon to 
have “to settle” for the production of an almost perfect 
construct because of technical difficulties in designing 
compatible sites for insertion of desired genes. 

It is the intent of this invention to detail methods and 
compositions for designing and creating a baculovirus 
construct. This construct is designed in such a manner 
that few if any compromises have to be made in order to 
create the desired product. This baculovirus construct 
allows for the production of virtually any protein, vac 
cine, therapeutic, diagnostic, viral pesticide, or virus, as 
well as, the creation of virtually any new combination 
of the above. Combinations of proteins or viruses are 
termed “protein hybrid” or “virus hybrid.” These terms 
imply there are multiple sources from which the prod 
uct is created or that the product itself is made up of 
different components. 

This invention will allow the investigator to design 
and create desired proteins, vaccines, viruses, therapeu 
tics, diagnostics, viral pesticides, hybrids of the above, 
or functional and active domains from any of the above 
as well. Therefore, the potential use of this vector is 
endless. 
The success of this invention, is in part, due to the 

unique use of multiple baculovirus promoters (both 
early and late) along with homologous recombination 
into a non-essential region(s) of the AcMNPV genome. 
For optimal ?exibility, this invention employs three 
baculovirus promoters: the natural polyhedrin pro 
moter mapped to the Eco-RI site of Fragment I; an 
early baculovirus promoter and a late baculovirus pro 
moter. 

The present invention also describes the production 
of recombinantly generated virus or virus hybrid parti 
cles or proteins involving the novel use of an early 
baculovirus gene promoter to temporally drive the 
expression of truncated or mutated non-structural genes 
of a virus particle as a unit, 5’ to a late baculovirus gene 
promoter controlling the expression of cDNA for struc 
tural genes from the same or a different virus. The 
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2 
recombinantly expressed virus or virus hybrid, obtained 
from this construct, is essentially intact, virtually identi 
cal to the authentic parent virus particle, highly anti 
genic yet non-replicative and is therefore exceedingly 
functional in terms of use as a vaccine or diagnostic 
reagent. 

This invention allows the investigator the flexibility 
to design and create a baculovirus construct that pro 
duces either a desired protein, vaccine, virus, therapeu 
tic, diagnostic, viral pesticide, hybrid of the above, or 
functional and active domain from any of the above as 
well. This invention will be accomplished efficiently 
and without undue experimentation. 

SUMMARY OF THE INVENTION 

In general and overall scope, the present invention 
provides a method for creating a recombinant baculovi 
rus construct for the purpose of speci?cally producing a 
desired protein, vaccine, diagnostic, therapeutic, viral 
pesticide, or hybrid thereof and presenting it to the cell 
or organism. The vector described in this invention may 
also be used to produce a variety of different combina 
tions of protein hybrids, as well as proteins or peptides 

' that can be speci?cally produced at a particular time in 
the infection cycle to optimize the effect of that protein 
or peptide. Also, this invention describes designing and 
creating a construct for the purpose of producing func 
tional and active domains from a speci?c protein, vac 
cine, diagnostic, therapeutic, viral pesticide, or hybrid 
thereof. The exact regions that encompass the func 
tional and active domain will vary from protein to pro 
tein, from vaccine to vaccine, from diagnostic to diag 
nostic, etc. 
More particularly, the present invention describes the 

use of multiple baculovirus promoters representative of 
different classes of promoters, as well as homologous 
recombination to a non-essential region of the 
AcMNPV genome, to produce the desired protein, 
vaccine, diagnostic, therapeutic, viral pesticide, or hy 
brid thereof. 

This invention also pertains to designing and creating 
a desired recombinant baculovirus construct for the 
speci?c purpose of producing a desired protein, vac 
cine, diagnostic, therapeutic, viral pesticide, or hybrid 
thereof. Further in accordance with this invention, 
hybrids of either a desired protein, vaccine, diagnostic, 
therapeutic, or viral pesticide are de?ned and designed. 

In addition to the above, the recombinant DNA vec 
tor includes a DNA region comprising a cDNA se 
quence coding for a desired protein. Sequences coding 
for a variety of different genes are known to those 
skilled in the art and are commercially available from 
American Type Culture Collection (ATCC, Rockville, 
Md.). For example, the following is a brief list repre 
senting the range of cloned genes or probes available 
from ATCC: epidermal growth factor receptor, beta 
glucuronidase, Y-mos M1 Maloney sarcoma virus, tis 
sue-type plasminogen activator, arginosuccinate syn 
thetase, insulin (A and B chain), prolactin, interleukin 1 
and 2, colony stimulating factor, tumor necrosis factor, 
beta-hemoglobulin, interferon, leutinizing hormone, 
beta-hexosaminadase, coagulation factor VIIIC, trans 
ferrin, esterase D, adenosine deaminase, etc. This 
cDNA sequence is further comprised of nucleotide 
sequences coding for a desired protein having a deleted 
5' untranslated region, and a deleted or mutated transla 
tional initiation site. In terms of this invention, amino 
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acid and nucleotide numbers will be used interchange 
ably with the appropriate conversion factor employed. 
For enhanced expression and production of the de 

sired protein, this recombinant DNA vector, in addition 
to the above stated components, includes a DNA region 
comprising unique signals for the initiation of transcrip 
tion and translation positioned 5'. 

In terms of infecting or transfecting yeast or eukary— 
otic cells with a recombinant DNA vector, these tech 
niques are standard and known to those skilled in the art 
of recombinant DNA technology. In terms of transfect 
ing cells with the recombinant DNA vector described 
above, this invention could also be applied for the pro 
duction of stable cell lines which are, by de?nition, 
continuously producing the speci?c chimera protein. 
The production of cell lines with stably integrated re 
combinant DNA vectors has been described extensively 
in the literature, practiced for years, and is therefore 
known to those skilled in the art. 

It should be noted that genes may be structurally 
similar but that a variety of regulatory processes, which 
occur at the transcriptional and translational levels and 
function in a manner consistent with the biology of the 
organism or the cell, makes it impossible to predict the 
exact process by which the gene will be expressed and 
/or regulated. 
The present invention also provides a method for 

producing a highly antigenic non-replicative virus or 
virus hybrid, to be used as a vaccine, a protein produc 
ing system, or a diagnostic reagent, by employing the 
baculovirus expression vector system (BEVS). The 
production of a highly antigenic non-replicative virus 
or virus hybrid particle involves the construction of, for 
example, a recombinant baculovirus expression vector 
containing two or three promoters genetically engi 
neered to include foreign genes (e. g. non-structural and 
structural) inserted under the transcriptional regulation 
of both early and late baculovirus gene promoters. 
Thus, truncated or mutated non-structural genes will be 
expressed early to provide genomic, non-replicative 
RNA (or DNA) followed by late expression of struc 
tural genes. This strategy will ensure the availability of 
genomic material, which is needed for proper assembly 
of the virus particle of choice. Below, Sindbis virus and 
Rubella virus (Alphavirus) or combinations thereof will 
serve as examples for the clari?cation of this concept. It 
should be emphasized that the invention can be adapted 
or applied to a large variety of viral pathogens, insect 
pesticides, protein production systems and that the ex 
amples described below serve only as models. The in 
sect pesticides can be designed to produce a desired 
protein, peptide, as well as an mRNA or DNA fragment 
which could result in insecticidal affects. 
More particularly, the present invention describes the 

production of recombinantly generated virus or virus 
hybrid particles or proteins involving the novel use of 
an early baculovirus gene promoter to temporally drive 
the expression of truncated or mutated non-structural 
genes of a virus particle as a unit, 5' to a late baculovirus 
gene promoter controlling the expression of cDNA for 
structural genes from the same or a different virus. The 
recombinantly expressed virus or virus hybrid, obtained 
from this construct, is essentially intact, virtually identi 
cal to the authentic parent virus particle, highly anti 
genic yet non-replicative and is therefore exceedingly 
functional in terms of use as a vaccine or diagnostic 
reagent. 
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4 
The recombinant baculovirus produced from this 

invention is controlled through transcriptional regula 
tion of both early and late baculovirus gene promoters 
to temporally and successively synthesize both non 
structural and structural proteins. Due to the temporal 
regulation and subsequent expression of genes under the 
control of different baculovirus promoters, the trun 
cated or mutated non-structural genes are expressed 
?rst (because of control by an early baculovirus gene 
promoter) and the structural genes are subsequently 
expressed thereby allowing for the accurate assembly of 
a viral or viral hybrid particle. Thus, the different por 
tions of the pathogen (non-structural versus structural) 
will be transcriptionally regulated by both early and 
late baculovirus gene promoters to produce e. g. Sindbis 
virus particles. 

In terms of this invention, “recombinant baculovirus 
expression vector” or “recombinant baculovirus” refer 
to vectors or baculoviruses which have the ability to 
genetically produce both non-structural and structural 
proteins derived from either the same or different viral 
sources. It is the ?nal vector or baculovirus described in 
the production scheme that contains the genetic mate 
rial to produce different recombinant proteins (non 
structural and structural). 

Additionally, in terms of this invention, “bacterial 
transfer vector” shall be de?ned as the bacterial plasmid 
vector optimally containing the following: viral ?ank 
ing sequences essential for optimal homologous recom 
bination to occur, bacterial plasmid sequences, either an 
early or late baculovirus gene promoter, cDNA and 
genomic DNA encoding for both non-structural or 
structural viral genes and a multiple cloning site adja 
cent to the speci?c promoter. Genomic DNA is de?ned 
as DNA isolated from the chromosome of an organism 
or virus. The bacterial plasmid sequences may be de 
rived from any one of the many different vectors that 
are commercially available and known to those skilled 
in the art of recombinant DNA technology. For the 
purpose of this invention, pUC8 is used as a matter of 
preference, however, ‘other vectors would be equally 
effective. 
These bacterial plasmid transfer vectors are utilized 

in cotransfection experiments, and through the process 
of homologous recombination or by any process in 
which the vectors may serve as a vehicle to deliver the 
desired gene or gene product, allows for the insertion or 
integration of the gene of interest into the baculovirus. 
The process of homologous recombination is standard 
and known to those skilled in the art. The detailed pro 
cedures are available in many different protocol texts. 

In addition to the temporal transcriptional regulation, 
this invention also enables the design, construction and 
assembly of a non-replicative virus particle or virus 
hybrid, which is highly antigenic and functionally iden 
tical to the authentic parent virus particle. Due to the 
truncation or mutation of the RNA encoding for the 
non-structural viral genes, this novel and genetically 
engineered virus is therefore not capable of replicating 
itself, and yet, it is structurally, and antigenically, essen 
tially identical to the authentic pathogen. The trunca 
tion or mutation must not, however, alter the genomic 
RNA in such a way that the genomic sequences needed 
for encapsidation are deleted. 
An advantage and novel aspect of this invention is the 

freedom to design a recombinant baculovirus expres 
sion vector that can be used for the expression and 
production of a completely different non-replicative 
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virus hybrid of choice. The basic concept is to geneti 
cally engineer different portions of genomic DNAs or 
cDNAs from different pathogens (human, animal or 
plant) for which a vaccine or diagnostic is needed. The 
non-structural gene will be derived from one viral 
source while the structural gene will be derived from a 
different viral source. This freedom in designing virtu 
ally any combination of viruses should allow for the 
production of highly antigenic, “special-order”, potent 
and very speci?c vaccines or diagnostics. 

In one embodiment of this invention, an example of a 
double recombinant virus hybrid is described which 
combines non-structural genes from Sindbis virus and 
structural genes from Rubella virus. The virus hybrid 
produced from this example is one of many different 
potential combinations involving an animal and a 
human pathogen. From this point of view, the combina 
tions are therefore endless. 
Another advantage of this invention is that it enables 

the production of “natural,” highly potent, non-infec 
tious antigens or combinations of assembled antigens. 
Generally, an intact virus particle is a better antigen and 
or immunogen than is a single puri?ed protein or deriv 
atives thereof. The product from this method for pro 
ducing a vaccine or diagnostic of choice, is more effi 
cient, safe, inexpensive and effective as compared to the 

1 more traditional procedures (i.e. attenuating the virus or 
virus subunit production). Thus, this invention repre 
sents an important potential improvement in the area of 
vaccine production compared to the available tradi 
tional vaccine production protocols. 
The genetically engineered virus produced from this 

invention may be derived from a human, animal or plant 
pathogen or combinations thereof. The pathogen or 
viral source for the production of a recombinant 
baculovirus expression vector can be from the family of 
arboviruses which includes, but is not limited to: Sindbis 
virus, bluetongue virus, rabies virus, yellow fever virus, 
St. Louis encephalitis virus, Colorado tick fever virus 
or dengue fever virus. 
The viral source for the production of a virus or virus 

hybrid may also be derived from, but is not limited to 
include: poliovirus, influenza virus, hepatitis B virus, 
human immunode?ciency virus, polyoma virus, Punta 
Toro phlebovirus, Simian rotavirus or Simian virus. 

In accordance with the present invention, the recom 
binant baculovirus expression vector which will be used 
to produce a foreign virus or virus hybrid will mini 
mally include a DNA region comprising a transcrip 
tional regulator, a cDNA region or genomic DNA 
encoding a truncated or mutated non-structural gene 
for a desired viral particle, a DNA region comprising a 
different transcriptional regulator and a cDNA or geno 
mic DNA region encoding a structural gene for a de 
sired viral particle. These components are properly 
spaced and only use one open reading frame. 

In terms of this invention, “transcriptional regulator” 
is de?ned as a promoter which controls and drives the 
expression of a gene located downstream (3') the pro 
moter itself. 

In accordance with the present invention, “transcrip 
tional regulator” shall be further defined as a promoter 
derived from either an early or late baculovirus gene. 
For the purpose of this invention, an “early” baculovi 
rus gene promoter is meant to include promoters de 
rived from intermediate~ early as well as delayed-early 
baculovirus genes. Examples of intermediate- and 
delayed-early baculovirus genes are IE1, IE0 and IEN, 
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6 
respectively. The promoters derived from these two 
early baculovirus genes have previously been shown to 
be strong promoters with respect to driving the expres 
sion of the specific genes located 3' to the promoter 
itself. Other promoters would probably be effective, 
however, the inventors prefer to employ the promoters 
derived from IE1, IE0 or IEN early baculovirus genes. 

Additionally, for the purpose of this invention, pro 
moters derived from “late” baculovirus genes include 
those promoters derived from the polyhedrin or p10 
genes. Other promoters would probably be effective, 
however, the inventors prefer to employ the promoters 
derived from polyhedrin or p10 late baculovirus genes. 

Further in accordance with this invention, the recom 
binant baculovirus expression vectors as well as the 
promoters employed to drive the expression of the viral 
genes, may be derived from Autographa californica nu 
clear polyhedrosis virus, T richoplusia m‘ nuclear polyhe 
drosis virus, Rachiplusia ou nuclear polyhedrosis virus 
or Galleria meIIoneIIa nuclear polyhedrosis virus, Helio 
this zea nuclear polyhedrosis virus, Mamestra brassica 
nuclear polyhedrosis virus, Spodoptera exigua nuclear 
polyhedrosis virus, Spoa’optera frugiperda nuclear poly 
hedrosis virus, Orgyia pseudosugala nuclear polyhedro 
sis virus, Anisota senaloria nuclear polyhedrosis virus, or 
any one of the more than 500 additional baculovirus 
species. Although the invention described herein em 
ploys the use of baculoviruses and promoters from 
Autographa calzfornica nuclear polyhedrosis virus as a 
matter of preference, any of the above mentioned poly 
hedrosis viruses would be as effective. 

In terms of this invention, “directionally positioned", 
“in an appropriate open reading frame”, “from 5' to 3’ 
with appropriate spacing” and “adjacent to" are inter 
changeable terms referring to the positional placement 
of certain components in the baculovirus expression 
vector or the bacterial transfer vector to maintain the 
necessary requirements (positioning and open reading 
frame) for efficient and accurate transcription. 
The various techniques which have been successfully 

applied to the cloning and expression of many heterolo 
gous genes in a variety of host systems, employing 
many different promoters and expression vectors, are 
known to those skilled in the art of recombinant DNA 
technology and could be applied to the embodiments 
described herein. Appropriate positional spacing be 
tween the numerous recombinant DNA vector compo 
nents (directionally positioned 5' to 3’) would be deter 
mined for each specific recombinant baculovirus vector 
or bacterial transfer vector and are included to further 
optimize the expression and production of the desired 
virus or virus hybrid. 

In terms of this invention, a foreign virus or virus 
hybrid is de?ned as any viral particle produced in the 
baculovirus expression system which normally would 
not be made in that system. 
For the purpose of this invention, virus hybrid or 

viral hybrid particles will be used interchangeably and 
will be de?ned as any particles produced in the recom 
binant baculovirus expression vector system, whereby 
the non-structural and structural genes are derived from 
two different viral sources (e.g. non-structural genes 
derived from Sindbis virus and structural genes derived 
from Rubella virus). 
For the purpose of this invention, non-structural viral 

genes shall refer to those viral genes that encode for 
essential viral proteins needed for authentic viral repli 
cation and assembly. Structural viral genes will refer to 
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those genes that encode for capsid, core and/or enve 
lope proteins (antigenic or immunogenic epitopes). 
Non-structural may as well refer to a limited nucleic 
acid sequence needed for the formation or assembly of 
the capsid or core structure. 

In addition to the above mentioned features, for 
added ease in handling and manipulating, this recombi 
nant baculovirus expression vector could include a 
DNA region comprising a multiple cloning cassette 
sequence, appropriately spaced and in frame, between 
the transcriptional regulator and the non-structural 
viral genes or the structural viral genes. Multiple clon 
ing cassette sequence cartridges are commercially avail 
able from several different companies (Promega, New 
England Biolabs, etc). A typical cassette sequence car 
tridge would include restriction sites for 8-11 different 
enzymes (i.e. Eco R1, Sacl, Sma l, Ava 1, Barn Hl, Xba 
I, Hinc 11, Acc l, Sal l, Pst l, Hind III, etc.). The avail 
ability of these cassette cartridges are known to those 
skilled in the art. 

Further in accordance with this invention, the recom 
binant baculovirus expression vector infects a suitable 
cell line in order to produce a functional virus or virus 
hybrid. Lepidopteran insect cells derived from e.g. 
Spodoptera frugiperda, Heliothis virescens, Heliothis zea, 
Mamestra brassicae, Estigmene acrea or T richoplusia ni 
are used. Although cell lines derived from the above 
mentioned species would be effective, cell lines derived 
from Spodoptera frugiperda are preferred. Sf9 cells or 
St‘) IEl-helper cells are two commonly available Spo 
dopterafruglperda cell lines which are routinely utilized. 

Thus, optimal production of a speci?c virus or virus 
hybrid could potentially be enhanced if the recombinant 
baculovirus expression vector was engineered to in 
clude an IE1 or IEN early baculovirus gene promoter 
positioned 5' to cDNA and genomic DNA encoding 
truncated or mutated non-structural genes for a speci?c 
virus, both of which are located adjacent to a polyhe 
drin or p10 late baculovirus gene promoter positioned 
next to cDNA encoding structural genes for a speci?c 
virus. The above transfer vectors and appropriate 
baculoviral DNA would then be cotransfected into Sf9 
or Sf9 IEl-helper Lepidopteran insect cells. This opti 
mal expression vector, as described above, would also 
include the appropriate transcriptional start and stop 
signals as well as multiple cloning sites located 3’ to the 
promoters for ease in inserting the cDNA encoding for 
the desired viral genes. ‘ 

Once cotransfection and homologous recombination 
occurs in the above mentioned experiments, baculoviral 
DNA containing the recombinant will be selected by 
visual selection of white occlusion negative plaques. 
Plaque selection and puri?cation are known procedures 
familiar to those skilled in this art. 
The non-replicative recombinant will then be purified 

from the cells or culture medium by techniques known 
to those skilled in the art and the virus or virus hybrid 
is ready for further use as a vaccine or as a diagnostic 
reagent. 
The viral or viral hybrid products obtained from this 

invention are inexpensive to produce, safe to use, highly 
antigenic and potent, and functionally very similar to 
the authentic parent virus. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 

Model Baculovirus Expression Vector Containing 
Three Baculovirus Promoters for Recombinant Protein, 
Virus, Protein Hybrid or Virus Hybrid Production 

The construction of a model expression vector which 
would be employed for recombinant protein, virus, 
protein hybrid or virus hybrid production is diagramed. 

FIG. 1A 

100/0: arbitrary designation of map units. Zero map 
units start to the right of the “HRl” and 100 map units 
ends to the left of “I-IRl.” 
HRl-HRS: enhancer sequences numbered numeri 

cally for convenience. When a combination of immedi 
ate-early genes and a delayed-early gene promoter re 
gion is employed, enhancement of the expression of 
heterologous genes can be realized by the presence of 
an enhancer sequence in direct cis linkage with the 
delayed-early gene promoter region. Such enhancer 
sequences are characterized by their enhancement of 
delayed-early gene expression in situations where the 
immediate-early gene or its product is limited. In a 
preferred embodiment, the hr5 enhancer sequence is 
linked directly (in cis) to the delayed-early gene pro 
moter region, 39K, thereby enhancing the expression of 
the cloned heterologous DNA. 

I.R.D.A: fragments assigned letters according to size; 
“Fragment A” being the largest. 

Polyhedrin Promoter/desired gene: designates the 
baculovirus polyhedrin promoter with a desired gene of 
choice inserted 3’ to the polyhedrin promoter. 3’ is 
de?ned as the region located downstream of the com 
pared component. 

Late Promoter/desired gene: designates a baculovi 
rus late promoter with a desired gene of choice inserted 
3’ to the polyhedrin promoter. 3' is de?ned as the region 
located downstream of the compared component. 

Early Promoter/desired gene: designates a baculovi 
rus early promoter with a desired gene of choice in 
serted 3’ to the polyhedrin promoter. 3’ is de?ned as the 
region located downstream of the compared compo 
nent. 

Arrows —> or <—: designates the direction that a tran 
scriptional regulator controls and drives the expression 
of a gene located downstream (3') to the promoter itself. 

Ninety Degree Wedge Angle: designates the area 
that is enlarged for viewing. 

FIG. 1B 

This ?gure demonstrates one of the many different 
combinations that may be employed in this model 
baculovirus expression vector. This model expression 
vector contains three baculovirus promoters adjacent to 
desired genes: the ?rst polyhedrin promoter appears in 
its natural site within Eco-RI Fragment I. The second 
promoter is a polyhedrin promoter, adjacent and 5' to a 
desired gene, inserted through homologous recombina 
tion into a non-essential region of the baculovirus ge 
nome. The arrow indicates the direction the promoter 
expresses the adjacent DNA. Also, inserted through 
homologous recombination into this non-essential re 
gion of the genome, is a third promoter. This third 
promoter is an early or immediate early baculovirus 
promoter, for example IE1 or IEN. In this example, the 
immediate early baculovirus promoter, IE1, is adjacent 
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to a desired gene and the promoter directs the expres 
sion of the desired gene (indicated by the arrow). The 
two promoters in the non-essential region of the ge 
nome are expressed in opposite directions. A non-essen 
tial region of the baculovirus genome is de?ned as a 
place where insertion or modi?cation of natural viral 
DNA sequence or gene structure has no effect on infec 
tivity of the modi?ed virus in cell culture or the insect. 

FIG. 2A 

Map and Gene Products Indicated for AcMNPV 

FIG. 2A schematically represents a map of 
AcMNPV. The gene products are indicated above the 
horizontal line. 
Gene Products: 15 different gene products are indi 

cated by the bold, ?lled in arrow heads. Examples of 
gene products are: Polyhedrin, egt, V-ubi, 39K, ETL, 
25K, DNA polymerase, capsid, etc. 
EcdRI Map Units 100/0: arbitrary designation of 

map units, for the fragments generated from the restric 
tion enzyme Eco-RI, are indicated by small numbers 
below the solid horizontal line. Zero map units start at 
the right of “HRl” and 100 map units ends at the left of 
“I-IRl.” 
HRI, HRZ, HR3, HR4, and HRS: enhancer sequen‘ 

ces numbered numerically for convenience. When a 
combination of immediate-early genes and a delayed 
early gene promoter region is employed, enhancement 
of the expression of heterologous genes can be realized 
by the presence of an enhancer sequence in direct cis 
linkage with the delayed-early gene promoter region. 
Such enhancer sequences are characterized by their 
enhancement of delayed-early gene expression in situa 
tions where the immediate-early gene or its product is 
limited. In a preferred embodiment, the hr5 enhancer 
sequence is linked directly (in cis) to the delayed-early 
gene promoter region, 39K, thereby enhancing the ex 
pression of the cloned heterologous DNA. 

1, R, D, A, J, K, T, M, N, F, V, U, C, G, W, D, O, L, 
E, H, S, X, P, and B: fragments generated by the restric 
tion enzyme Eco-RI are assigned letters according to 
size; “Fragment A” is the largest, “B” is the next larg 
est, “C" is the next largest, etc. 
FIG. 2B Wedge: indicates the area where pSfHin 

dIII-L will recombine into the AcMNPV [.dlOA] 
polyhedrin deletion mutant. 

FIG. 2B 

Recombination of pS?-IindIII-L into the 
AcMNPV.dlOA Polyhedrin Deletion Mutant 

Recombination of pSfI-IindIII-L into the 
AcMNPV.dl0A polyhedrin deletion mutant. Only 
AcMNPV.EcoR1-A and the physical alterations of the 
fragment are shown. The majority of Pstl-O was de 
leted and a 3.7 kb fragment from pSfI-IindIII-L is in 
serted in its place. Horizontal lines represent transcripts 
and their orientation. Dashed lines indicate possible 
termination sites. Genomic map units (m.u.) are shown 
at speci?c sites beneath correlating fragment dimen 
sions. The wedged area is magni?ed in subsequent ?g 
ures to present more detail. 

FIG. 3 

Construction of Transfer Vector RIA-l392 

KIA-1392 is designed to contain a unique Bgl I] site 
for the insertion of foreign genes under the control of a 
polyhedrin promoter. Foreign genes are inserted at 
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+35 in relation to the polyhedrin translation start 
ATG. RIA-l392 also contains the B-glucoronidase 
gene under the control of a polyhedrin promoter for use 
as a selectable marker. This transfer vector contains 1.9 
and 2.4 kb of EcoRl-A viral ?anking sequences. 

FIG. 4 

Construction of Transfer Vector RIA-IEl 

RIA-IEl contains a unique Bgl II site for the inser 
tion of foreign genes under the control of a early 
baculovirus IE1 promoter. Foreign genes are inserted at 
—39 in relation to the IEI translation start ATG. RIA 
IE1 also contains the B-glucoronidase gene under the 
control of a polyhedrin promoter for use as a selectable 
marker. This transfer vector contains 1.9 and 2.4 kb of 
EcoRI'A viral ?anking sequences. 

FIG. 5 

Construction of Transfer Vector KIA-39K 

RIA-39K contains a unique Bgl II site for the inser 
tion of foreign genes under the control of a baculovirus 
39K promoter. Foreign genes are inserted at ~80 in 
relation to the 39K translation start codon. RIA‘39K 
also contains the B-glucoronidase gene under the con 
trol of a polyhedrin promoter for use as a selectable 
marker. This transfer vector contains 1.9 and 2.4 kb of 
EcoRI-A viral ?anking sequences. 

FIG. 6 

Construction of Vector RIA-l392-CAT 

Construct RIA-1392-CAT contains the chloram 
phenicol acetyl transferase gene (CAT) under the con 
trol of one polyhedrin promoter and B-glucoronidase 
gene under the control of another polyhedrin promoter 
for use as a selectable marker. This transfer vector con 
tains 1.9 and 2.4 kb of EcoRI-A viral ?anking sequen 
ces. 

FIG. 7 

Construction of Vector RIA-IEl-CAT 

Construct RIA-IEl-CAT contains the chlorampheni 
col acetyl transferase gene (CAT) under the control of 
IE1 promoter and the B-glucoronidase gene under the 
control of a polyhedrin promoter for use as a selectable 
marker. This transfer vector contains 1.9 and 2.4 kb of 
EcoRl-A viral flanking sequences. 

FIG. 8 

Linear Representation of Vector RIA-IEl-CAT 

Linear representation of vector RIA-IEl-CAT 
which contains the chloramphenicol acetyl transferase 
gene (CAT) under the control of IE1 promoter and the 
B-glucuronidase gene under the control of a polyhedrin 
promoter for use as a selectable marker. This transfer 
vector contains 1.9 and 2.4 kb of EcoRI-A viral ?ank 
ing sequences. 

FIG. 9 

Homologous Recombination of a Desired Recombinant 
Baculovirus Transfer Vector into the 13.0 Map Unit 

Nonessential Region of Wild Type Baculovirus 

FIG. 9 diagrams the homologous recombination of a 
desired recombinant baculovirus transfer vector into 
the 13.0 map unit nonessential region of wild type 
baculovirus. The construction of different bacterial 
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transfer vectors are described in the examples above. 
The polyhedrin-beta-glucoronidase containing recom 
binant baculovirus produces blue plaques. This select 
able marker allows for easy identi?cation of desired 
recombinants (via observing blue plaques). Once Sf9 
cells are infected with the desired recombinant, this 
desired recombinant may further be propagated, iso 
lated, and puri?ed. 

FIG. 10 (parts A and B) 

Genetic Engineering of a Non-Replicative Virus or 
Virus Hybrid Using the Baculovirus as a Tool 

FIG. 10A presents a schematic representation of con 
structing a non-replicative virus by truncating the RNA 
which encodes for the non-structural proteins for that 
virus. The source of the viral genome structural and 
non-structural genes are the same. Sindbis virus is used 
as an example only. 
FIG. 10B HYBRID is a schematic representation of 

constructing a non-replicating virus hybrid. The non 
replicative aspect results from truncating the RNA 
encoding the non-structural genes; the virus hybrid is 
constructed by producing non-structural genes from 
Virus A and structural genes from Virus B. Truncated 
Sindbis non-structural genes and structural Rubella 
genes are used as examples only. 

FIG. 11 

Homologous Recombination of a Non-Replicative 
Sindbis Virus into the 13.0 Map Unit Nonessential 

Region of Wild Type Baculovirus 

FIG. 11 diagrams the homologous recombination of a 
non-replicative Sindbis virus into the 13.0 map unit 
nonessential region of wild type baculovirus. Truncated 
genomic non-structural Sindbis virus cDNA and 265 
are used as an example only. This is achieved by cloning 
a mutant (truncated) non-structural Sindbis virus gene 
under the control of an IE1 early baculovirus promoter. 
The completed bacterial transfer vector is generated in 
a two-step fashion. First the truncated Sindbis virus 
non-structural gene is inserted under the control of an 
early baculovirus promoter (for example, IE1). The 
next step involves inserting genes encoding intact struc 
tural Sindbis viral 26S proteins under the transcriptional 
regulation of a late baculovirus gene promoter (for 
example, polyhedrin). This insertion is performed on 
the recombinant baculovirus which already contains 
non-structural genes under the regulation of an early 
baculovirus gene promoter. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Autographa Californica Nuclear Polyhedrosis Virus 
(AcMNPV) 

Autographa californica nuclear polyhedrosis virus 
(AcMNPV), the prototype virus of the family 
Baculoviridae, has a wide host range and infects more 
than 30 species of Lepidopteran insects. During 
AcMNPV infection, two forms of viral progeny are 
produced: extracellular virus particles (ECV) and oc 
cluded virus particles (0V). The latter are embedded in 
proteinaceous viral occlusions, called polyhedra. A 
polyhedrin protein, with a molecular weight of 29,000 
Daltons, is the major viral encoded structural protein of 
the viral occlusions. 

Since the viral occlusions provide a means for stable 
horizontal transmission, they are an important part of 
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12 
the natural virus life cycle. When infected larvae die, 
millions of polyhedra are left within the decomposing 
tissue. The viral occlusions aid in protecting the embed 
ded virus particles from environmental factors that 
would otherwise rapidly inactivate ECV. When larvae 
feed on contaminated plants, they ingest the polyhedra. 
The occlusions dissolve in the alkaline environment of 
the insect gut, releasing virus that invade and replicate 
in the cells of the midgut tissue. 

Secondary infection spreads to other insect tissues by 
the extracellular viral (ECV) route. Virus particles 
enter the cell by endocytosis or fusion and the viral 
DNA is uncoated. DNA replication occurs at about 6 
hours post-infection (pi) and by 10 hours pi, extracellu 
lar virus is released from the cell by budding. Polyhe 
drin protein can be detected by 12 hours pi but viral 
occlusions are not readily detected until 18-24 hours pi. 
Extracellular virus levels reach a maximum between 
36-48 hours pi and the polyhedrin protein continues to 
accumulate for 4—5 days until the infected cells lyse. 

Baculovirus Expression Vectors (BEVs) 
Baculovirus expression vectors (BEVs) have become 

extremely important tools for the expression of foreign 
genes, both for basic research and for the production of 
proteins with direct clinical applications in human and 
veterinary medicine. BEVs are recombinant insect vi 
ruses in which the coding sequence for a desired foreign 
gene has been inserted 3’ to a select baculovirus pro 
moter, e.g. the polyhedrin promoter in place of the 
non-essential viral gene, polyhedrin, thereby promoting 
the expression of the chosen foreign gene. (V. A. Luc 
kow and M. D. Summers, Bio/ Technology, 6:47-55 
(1988a); M. D. Summers, Curr. Commun. in Molec. 
Biol, Cold Spring Harbor Press. Cold Spring Harbor, 
NY. (1987), Summers, M. D. and Smith, G. E., TAES 
Bulletin No. 1555, (1988); Smith and Summers, U.S. 
Pat. Nos. 4,745,051 and 4,040,367); Webb and Summers, 
In Press, Techniques, 1990). 

Several advantages may be enjoyed when employing 
the exemplary baculovirus expression vector (BEV) 
system. One of these advantages is the strong polyhe 
drin promoter which directs a high level of expression 
of the foreign insert (protein of choice). The newly 
expressed protein accumulates in large amounts within 
these infected insect cells or as secreted products. Thus, 
as a result of the relative strength of the polyhedrin 
promoter, many different desired foreign gene inserts 
can be expressed at very high levels. 

In addition to providing a high expression level, an 
other advantage of the BEV system, is the ease with 
which these baculoviruses are produced and identi?ed. 
This process begins by co-transfecting wild-type viral 
DNA and a “transfer vector” into susceptible host cells. 
A transfer vector is de?ned as a bacterial plasmid which 
contains a foreign gene directly 3' to a desired baculovi 
rus promoter, e.g. the polyhedrin promoter, as well as 
long viral sequences ?anking the promoter on the 5' 
side and the foreign gene on the 3’ side. During cotrans 
fection, homologous recombination occurring between 
viral and transfer vector DNA will produce a small 
percentage of viral genomes in which the polyhedrin 
gene has been replaced by the foreign gene (less than 
5%). The wild-type progeny can be differentiated from 
the recombinant progeny by a conventional viral plaque 
assay. Recombinants in which the polyhedrin gene has 
been replaced, can be identi?ed by their occlusion 






















